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Abstract 

Esophageal carcinoma is one of the world's deadliest cancers. Esophageal squamous cell carcinoma (ESCC) is more frequent 
than adenocarcenoma (AC) in China. Platinum-based chemotherapy with surgical resection is a common treatment 
approach for ESCC; however, the treatment response is uncertain. Evidence suggests polymorphisms in genes encoding 
excision repair cross-complementing group 1 (ERCCl), a protein involved in nuclear excision repair (NER), may help predict 
response to cisplatin and other platinum-based chemotherapeutics. IVlultiple ERCCl single nucleotide polymorphisms 
(SNPs) have been associated with platinum chemotherapy response. Two common SNPs occur at the C8092A and C118T 
loci. Our study aimed to determine if 1) an association exists between ERCCl tumor expression and patient survival, 2) 
whether adjuvant therapy influence on survival is related to histological ERCCl presence in tumor cell nuclei, and 3) 
whether other clinicopathological characteristics in a cohort of patients following surgery for various stages of ESCC are 
associated with tumor ERCCl expression. One hundred eight patients were included in the study, and tumor biopsy was 
collected for genotyping and immunohistochemical analysis of ERCCl. Sixty-seven patients (62%) received no adjuvant 
therapy, and the rest had either platinum-based chemotherapy (28.5%), radiotherapy (6.5%) or both treatments (2.8%). Log- 
rank analysis revealed no significant connection between tumor ERCCl expression (P = 0.12) or adjuvant therapy (P = 0.56) 
on patient survival. Also, non-parametric IVlann-Whitney analysis showed no significant link between tumor size or nodus 
tumor formation and ERCCl presence in patients in the study. Interestingly, C8092A SNP showed significant association 
with patient survival (P = 0.01), with patients homozygous for the mutant allele showing the most significantly reduced 
survival (P = 0.04) compared to those homozygous for the dominant allele (CC). Our results provide novel insight into the 
genotypic variation of patients from Quanzhou, Fujian province China. 
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Introduction 

Esophageal cancer, classified as adeno- (AC) or squamous cell 
carcinoma (SCC) is one of the top ten most malignant and deadly 
cancers worldwide. Of both forms of esophageal cancer, SCC is 
the most common globally and prognosis highly correlates with 
advancement or stage of the disease, and highly advanced cancers 
of the esophagus have poor prognostic outcomes. Combination of 
chemotherapy and adjuvant radiation treatment originally em- 
phasized treatment of SCC [1]; however, meta-analysis of 
treatment effects versus tumor histopathology suggests this neo- 
adjuvant therapy provides similar benefits for AC and SCC, 
although clinical outcomes may benefit more in AC [2], In 
Westernized countries, esophageal AC is more common, although 
incidence is potentially declining. Conversely, Asian regions, such 



as rural and Northwest China, exhibit extremely high incidence of 
ESCC, especially in males. Despite debatable effects and clinical 
outcomes reported by analyses and randomized trials, many 
variables influence disease progression and prognosis which reflect 
the necessity for individualized approaches to cancer diagnosis and 
treatment. 

Recentiy, much evidence suggests more severe and permanent 
outcomes from treatment effects involve damage or genome 
modifications of treated individuals. Currentiy, much research is 
targeting the identification of prognostic indicators for identifica- 
tion of presence or staging of specific cancers. A nucleotide 
excision repair (NER) protein known as the excision repair cross- 
complementing group 1 (ERCCl) may serve as a useful predictor 
for treatment response to cancer therapies. In general, single 



PLOS ONE I www.plosone.org 



1 



September 2014 | Volume 9 | Issue 9 | el 06600 



ERCC1 Polymorphism and Esophageal Cancer In Fujian China 



nucleotide polymorphisms (SNPs) have been associated to 
radiation and chemotherapy dependent pathways [3]. In non- 
small cell lung cancer (NSCLC), ERCCl SNP has been linked to 
reduced survival time and increased risk of comorbid complica- 
tions in specific populations of chemotherapy patients [4]. In 
particular, a documented association exists between ERCCl 
mRNA levels and platinum and cisplatin therapies. Single 
nucleotide polymorphisms (SNP) of ERCCl could affect potential 
for genetic repair, which highly influences the efficacy and 
individual sensitivity to these chemotherapeutic agents. Evidence 
suggests that die ERCCl C118T SNP could afiect mRNA and 
protein expression of ERCCl, therefore altering sensitivity to 
platinum-based therapeutics [5,6]. Meta-analysis suggests that 
certain ERCC 1 SNPs may also be predictive of cancer suscepti- 
bility [7] , further highlighting potential importance of this genetic 
alteration in cancer detection and therapeutics. 

Although the link between platinum-based chemotherapeutics 
and ERCCl is debatable, the predictive aspect of assessing 
ERCCl polymorphisms is attractive for assessing risk of cancer 
development in esophageal cancer due to the high latency of 
detection and resulting poor outcomes in this disease. Interestingly, 
no studies have investigated the relationship between ERCC 1 and 
histopathological and clinical characteristics of esophageal cancer. 
Combined treatment of chemotherapy and radiation is considered 
one of the most useful therapeutic paradigms for esophageal 
squamous cell carcinoma (ESCC) [8,9], which potentiates a 
connection between genetic factors like ERCCl SNP and 
individual treatment outcome. The present study aimed to 
investigate the relationship between ERCCl SNP and prognostic 
indication, histological and clinical outcomes in patients undergo- 
ing treatment for squamous cell esophageal carcinoma. 

Materials and Methods 

Study population 

Written informed consent was obtained from all patients prior 
to the study via an institutional patient consent form. The study 
and this consent procedurt; were appro\'ed by the Ethics 
Committee of the First Hospital of Quanzhou Affiliated to Fujian 
Medical University. One hundred eight patients with surgically 
resectable thoracic esophageal squamous cell carcinoma (ESCC) 
treated in our hospital between January 2011 and October 2012 
were enrolled in the present study. All patients were residents of 
Quanzhou, in southeastern Fujian Province, China (Figure SI). 
Informed consent was obtained from all patients prior to the study. 
The study was approved by the Ethics Committee of the First 
Hospital of Quanzhou Affiliated to Fujian Medical University. 
Patients received curative esophagectomy, and lymph node 
dissection that involved two-field lymphadenectomy in 94 patients 
(87%) and three-field lymphadenectomy inl4 patients (13%). T4 
tumors were resectable but had invaded lung, pleura, or recurrent 
nerve tissue. None of the study participants received neoadjuvant 
therapy. Resected specimens were collected and classified accord- 
ing to the International Union Against Cancer tumor-node- 
metastasis (TNM) classification system (7th ed.) [10]. Every 3 
months following discharge, all patients were followed up with 
radiographic and computed tomography (CT) examination. At 6 
months, ultrasound was utilized, and 6 to 12 months included 
endoscopic examination to assess disease status. Median follow up 
time range was 3-136 months. Patient chnicopathological 
characteristics are summarized in Table 1. 



Adjuvant platinum and radiotherapy 

Thirty one patients received adjuvant intravenous platinum- 
based chemotherapy (75 mg/m2 cisplatin, 3-5 days every 3 weeks) 
and seven received radiotherapy (2 Gy, od/week for 4 weeks) to 
the mediastinum and neck. Three patients received post-surgery 
adjuvant chemo- and radiotherapy according to these treatment 
parameters. Sixty-seven patients received no adjuvant therapy in 
addition to surgical tumor resection. 

Immunohistochemical analysis of nuclear ERCCl 

Immunohistochemistry (IHC) was performed on formalin-fixed 
tissue embedded in paraffin, and sectioned at 3 um thickness and 
mounted on positively charged slides. Tissue sections were 
deparalfinized in xylene, hydrated in descending alcohols, and 
treated with 3% HjOj to quench endogenous peroxidase. Next, 
the tissue was treated with EDTA buffer (pH 9.0) and heated in a 
98°C water bath for 30 min for antigen retrieval and nuclear 
access of the antibody. Sections were then blocked for non-specific 
binding, and incubated with mouse monoclonal ERCCl (clone 
8F1, Neomarkers, Fremont, California, USA; 1:100 dilution) in 
blocking solution overnight at 4°C. The following day, visualiza- 
tion of ERCCl antibody labeling was achieved through use of the 
Envision Detections System (DAKO, Glostrup, Denmark) fol- 
lowed by 3, 3r-diaminobenzidine tetrahydrochloride (DAB Plus; 
DAKO) treatment. Hematoxylin counterstaining was also per- 
formed. For a positive control, normal human tonsil tissue was 
treated under the same conditions, and primary antibody 
exclusion was performed as a negative control. 

An experienced pathologist blinded to patient treatment 
conditions examined the labeling and semi-quantified ERCCl 
expression using the H-score system described previously by Al 
Haddad et al. [11]. According to this system, ERCCl staining 
intensity in tumor cell nuclei was graded from 0 to 3, with 0 
indicating no staining and 3 designating high expression labeling 
(Figure 1). The extent of staining was classified as follows: 0 = no 
nuclear expression; 0.1 = 1 to 9% labeled nuclei; 0.5 — 10 to 49% 
positive nuclei; and 1.0=&50% ERCCl positive nuclei. The 
value given for staining intensity was multiplied with the staining 
extent value to obtain the semi-quantitative H score. ERCCl^ 
cells were distinguished from ERCCl" [:ells by the median value 
of all H scores (2.0). When >50% tissue was lost or no tumor cells 
were observed, samples were deemed uninterpretable. 

PCR polymorphism analysis 

DNA was extracted from frozen resection samples collected 
from 40 patients diagnosed with ESCC using a genomic extraction 
kit for PCR reaction. Primer sequences utilized for polymorphism 
analysis of the rsll615 gene locus (BsrD I restriction site): 
Upstream primer: 5'-CATGCCCAGAGGCTTCTCATA-3', 
Downstream primer: 5'-AGGACCACAGGACACGCAGAC-3'; 
for ERCCl gene 8092 (MboII restriction sites) polymorphism 
analysis: Upstream primer: 5'- TGCCAGAGACAGTGCCC- 
CAAG-3', Downstream primer: 5'-AGCTGCCAAGGAAACC- 
CCCAG-3'. The total PCR reaction mix volume was 25 jtl and 
annealing temperatures were 60°C; PCR products were digested 
separately, and the ERCCl gene was amplified by PCR and 
restriction enzyme digestion system reaction t:onditions were 
observed in Annex. The reaction mixture and conditions for each 
polymorphism analysis are shown in Table SI. The amplified 
fragment length of the ERCCl-rsl 1615 allele was 542 bp. The 
PCR products were digested by restriction enzyme BsrD I and the 
ERCCl-rsl 1615C T polymorphism was determined. The 
analyzed genotype information obtained was as follows: wild-type 
homozygous C/C (542 bp), heterozygous C/T (542 bp, 175 bp. 
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Table 1. Patient characteristics. 





Characteristics 


N ( = 108) 


Gender(male/female) 


87/21 


Mean Age (yrs) 


58.4±9.5 


Tumor location 


Upper/middle/lower 


5/62/41 


TNM Classification 


T1/T2/T3/T4 


11/21/46/30 


N0/N1/N2/N3 


58/33/13/4 


Grade l/ll/lll 


8/80/20 


Adjuvant therapy 


None/chemo/radiation/both 


67/31/7/3 



T: Tumor stage; N: Nodal spread. 
doi:l 0.1 371/journal.pone.Ol 06600.t001 



367 bp), homozygous mutant T/T 175 bp, 367 bp). After the 
285 bp ERCCl-8092 allele fragment was amplified, the product 
was digested by MboII restriction enzyme and polymorphisms 
were determined for ERCC1-8092C A: wild-type homozygous 
C/C (285 bp), heterozygous type C/A (285 bp, 104 bp, 181 bp), 
homozygous mutant A/ A (104 bp, 181 bp). In each of the three 
genotypes, three randomly selected PGR product samples were 
sequenced (Shanghai Baoshang Co.). The sequencing results were 
consistent with those obtained following digestion and PGR 
(Figures 2 and 3). 

Determination of genotypic Hardy-Weinberg equilibrium 

Assessment of whether allelic variations existed in Hardy- 
Weinberg equilibrium was calculated according to software and 
methods previously described [12]. In brief, allelic frequencies of 
C8092A and CI 18T polymorphisms were entered into a software 
calculator based on the equation, p2+2pq+q2 = 1 , where p 
represents the major allele, q the minor allele, and pq the 
heterozygous condition. A P value <0.05 would suggest the allelic 
distribution does not fit classic Hardy-Weinberg equilibrium. 

Statistical analysis 

Statistical comparison of ERCC 1 expression with clinical and 
pathological features was performed using a non-parametric 
Mann-Whitney U test, whereas genotypic relationship to tumor 
ERCCl expression was determined using a chi-square test. 



Figure 1. Representative immunohistochemical staining for 
ERCC1 in esophageal squamous cell carcinoma. Such staining 
was used for classification of nuclear staining intensity and assignment 
of a corresponding H-score used in further analyses in the study. A) 
ERCCl -negative esophageal squamous cell carcinoma tissue (H-score 
= 0); B) High nuclear expression of ERCCl in esophageal tumor cells 
with labeling intensity scored as 3 (H-score =3) (400 x). 
doi:1 0.1 371/journal.pone.01 06600.g001 



Overall and progression-free (PES) survival curves were calculated 
by the Kaplan-Meier method, and the differences were assessed 
by the log-rank test. SPSS software (ver. 9.2, StataCorp, College 
Station, TX, USA) was used for statistical analysis with 
significance determined when P<0.05. 

Results 

Adjuvant therapy and esophageal squamous cell 
carcinoma survival 

Of the 108 patients that underwent surgical tumor resection, 67 
(62%) received no adjuvant therapy, 31 (28.7%) received 
platinum-based chemotherapy, and 7 (6.5%) had adjuvant 
radiotherapy. Three patients (2.8%) underwent both chemo- and 
radiotherapy following surgical resection. Kaplan-Meier survival 
curves are shown in Eigure 4. The results of Log-rank (Mantel- 
Cox) analysis of the survival data showed no significant association 
between use or type of adjuvant therapy and survival (P = 0.56). 
Log-rank test for trend revealed no significant trend concerning 
treatment effect on survival (P = 0.40). 

Association between ERCCl histological analysis and 
patient survival 

Tumor samples from fifty-six patients (52%) were identified as 
ERCCl -positive with an H-score &2.0. Log-rank (Mantel-Cox) 
analysis identified no significant link between histologically defined 
ERCCl status and overall and progression-free patient survival 
through the course of the study (P = 0.13). Kaplan-Meier curves 
are shown in Eigure 5. 

ERCCl expression and esophageal tumor location 

Genetic and statistical analysis showed that H-score designated 
ERCC (n = 56) and ERCC" (n = 52) status of enroUed patients 
had no statistically significant association with tumor location 
within the esophagus identified at the time of surgery (P = 0.94) 
(Table 2). 

ERCCl and tumor grade 

In individuals with tumors identified as ERCCl", 9.6% of 
tumors were Grade I, while the majority was classified as Grade II 
(71. 2. "/(.), or III (19.2%). 17.9% of ERCCT tumors were classified 
as Grade III, 76.8% Grade II, and 5.4% Grade I. Based on 
differences in the distribution of tumor gradation by nuclear 
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Figure 2. Genotype analysis for ERCC1 SNP C8092A. A) Post-digestion PCR of alleles CC, CA, and AA (left to right). B) Sequence analysis of CC 
genotype. C) Sequence analysis of CA heterozygous genotype. D) Sequence analysis for the AA genotype. 
doi:10.1371/journal.pone.0106600.g002 



ERCC 1 -labeling status, statistical analysis revealed no significant 
association between these variables (P = 0.80) (Table 2). 

ERCC1 and lymph node tumorigenesis 

The vast majority of nodes evaluated in regions adjacent the 
primary tumor location in all patients were assigned values of 
either 0 or 1 (ERCCl" =81.5%, ERCCl'' =83.9%) suggesting 
limited nodal cancer spread and development. Correspondingly, 
statistical analysis showed no significant relationship between 
nuclear ERCC 1 status and node value assignment (P = 0.94) 
(Table 2). 

Allelic discrimination and ERCCl histological 
characterization 

For ERCCl polymorphism C8092A, approximately 40% of 
patients were homozygous for the major allele (CC = 40.7%) or 
heterozygous (CA = 41.7%) while only 17.6% were homozygous 
for the recessive allele (AA). Hardy- Weinberg calculation showed 
these values to be at equilibrium (P = 0.21). For tumors indicated 
ERCCl"^ with an H-score &2.0, 46% of patient samples were 
homozygous for the major allele (CC) for ERCC1-C8092A, 21% 
for the minor allele (AA) and 33% were heterozygous (C/A). For 
ERCCl samples, 33% were homozygous CC, 13% homozygous 
AA and 54% C/A. No significant relationship was identified 



between ERCCl staining and aUefic distribution of SNP C8092A 
(P = 0.56) (Table 2). 

Concerning polymorphism CI 18T, the allelic distribution of all 
patient samples was not determined to be at Hardy-Weinberg 
equilibrium (P = 0.008). ERCC 1 samples showed an allelic 
distribution with most being homozygous for the major allele 
(CC = 59%), a trend also observed from ERCC 1 tumor samples 
(CC = 59.2%) (Table 2). ERCCl -positive to negative comparison 
for minor allele homozygotes (TT) was 10.7% to 11.1%, 
respectively. Of ERCCl^ samples, 30.4% were heterozygous 
(C/T) compared to 24.1% of ERCCl" specimens. Ultimately, 
statistical analysis revealed no significant association between 
ERCCl status and allelic distribution for polymorphism C118T 
(P = 0.37) (Table 2). 

Unlike ERCCl histological classification, genotype analysis for 
the C8092A polymorphism exhibited a significant association with 
patient outcomes and overall and progression-free (PES) survival. 
Specifically, log-rank analysis identified a significant relationship 
between variation of alleles identified in patient samples for 
C8092A (chi-square =9.1, P = 0.01). Concerning PES, no 
significant association was determined when analyzing all three 
allelic variations (chi-square =4.2, P = 0. 12), although a signifi- 
cant trend was detected (chi-square = 4. 1, P = 0.04). When on the 
homozygous dominant wild-type (CC) vs. the mutant (AA) were 
assessed, a significant reduction in survival was determined in 
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Figure 3. Genotype analysis for ERCC1 SNP C118T. A) Post-digestion PCR of alleles CT, TT, and CC (left to right). B) Heterozygous sequence 
analysis of CT genotype. C) Sequence analysis of TT genotype. D) Sequence analysis of CC genotype. 
doi:1 0.1 371 /journal.pone.01 06600.g003 



Survival Data 
Treatment & Survival 



100- 

> 

i 60H 
c 

(U 

% 40- 
20- 




None 

Platinum 

Radiotherapy 



10 



— I — 

20 



30 



Months 



Figure 4. Adjuvant treatment did not significantly influence 
patient survival probability. Patient survival probability was not 
significantly influenced by platinum-based chemotherapy or radiation 
over no adjuvant therapy. Log-rank (Mantel-Cox) Test; Chi-square =2.0; 
p = 0.56. 

doi:1 0.1 371 /journal.pone.01 06600.g004 
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Figure 5. Patient survival was not significantly associated with 
ERCC1 nuclear expression H-score. There was no significant 
relationship between high or low intensity ERCC1 nuclear immunohis- 
tochemical labeling designated by H-score cutoff of 2.0 and patient 
survival. Chi- square =0.27; p = 0.61. Median patient survival (months: 
ERCCH-, 23.8; ERCC1-, 20.3, 95% CI of ratio: 0.8341 to 4.227. 
doi:1 0.1 371/journal.pone.01 06600.g005 
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Table 2. Cllnicopathological patient characteristics according to ERCC1 status. 







ERCC1 negative 


ERCC1 positive 


lvalue 




H score<2.3 (n) 


H score£2.3 (n) 




Tumor location 






0.94 


Upper 


4 


1 




Middle 


27 


35 




Lower 


21 


20 




Tumor grade 






0.80 


1 


5 


3 




2 


37 


43 




3 


10 


10 




Tumor size 






0.08 


T1 


7 


4 




T2 


13 


8 




T3 


20 


26 




T4 


12 


18 




Lymph node status 






0.33 


NO 


31 


27 




Nl 


13 


20 




N2 


6 


7 




N3 


2 


2 




C8092A 






0.56 


CC 


7 


12 




AA 


27 


18 




CA 


18 


26 




C118T 






0.37 


CC 


32 


33 




TT 7 6 


CT 


13 


17 





ERCCl: excision repair cross-complementation 1 enzyme, * P value is statistically significant. 
doi:l 0.1 371 /journal.pone.Ol 06600.t002 



those with the AA genotype (chi-square = 4.3, P = 0.04). No 
significant association on overall survival was observed for C 1 1 8T 
(chi-square =0.08, P = 0.96). There was also no significant trend 
observed for SNP allele variations of C 1 1 8T concerning associ- 
ation with overall survival (P = 0.78) or PFS (chi-square =0.15, 
P — 0.93). Kaplan-Meier survival curves for C8092A are illustrated 
in Figure 6A & B, and CI 18T in Figure 6C & D. 

Discussion 

Platinum-based chemotherapeutics target and damage DNA, 
advancing cell death of affected tumorigenic, as well as normal 
cells. Cells produce DNA repair complexes and enzymes to mend 
nucleic acid damage caused by platinum agents and impart 
resistance against such treatments [13]. Repair proteins, such as 
ERCCl are therefore important for cancer cells resistance to 
platinum and other DNA-targeting or altering therapeutics. 
Polymorphisms in ERCCl gene affect mRNA expression and 
have received much attention as potential predictors of cisplatin 
and platinum adjuvant therapy outcome, and patient prognosis in 
lung cancer [14—16], melanoma [17], bladder cancer [18,19], in 
addition to esophageal cancer [1,20-23]. 

In the present study, we investigated the association between 
tumor ERCCl expression and molecular, histological, and 



cllnicopathological characteristics of a cohort of multi-stage 
patients treated and not treated with adjuvant platinum-based 
chemotherapy or radiotherapy following curative resection 
surgery. Our findings are interesting as some of the data counter 
recent reports of the predictive ability of ERCC 1 expression and 
treatment outcome and survival of patients with esophageal cancer 
[21]. Also, our results do not support semi-quantitative association 
between tumor ERCCl nuclear protein expression and clinical 
and pathological outcomes in the patient cohort in this study. 
Warnecke-Eberz et al. showed that ERCCl mRNA expression 
was prognostic for histopathologic response to neoadjuvant 
radiochemotherapy involving cisplatin in patients with locally 
advanced esophageal cancer in combination with surgical tumor 
removal [24] . A study by Brabender and colleagues supported this 
result [20]. Tanaka et al. demonstrated reduced ERCCl mRNA 
correlated with improved platinum-based chemoradiation therapy 
response in patients with ESCC, and suggested that histological 
assessment of tumor ERCC 1 may predict individual responses to 
the adjuvant treatment paradigm [25]. ERCCl nuclear protein 
expression is also suggested to be predictive of patient response to 
platinum-based chemotherapy [26]. Our study does not corrob- 
orate these results based on our blinded categorization of high- 
and low-intensity ERCCl labeling of resected tumor tissue and 
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Figure 6. Association of ERCC1 polymorpliism allelic variation on patient survival. A) ERCC1 polymorphism C8092A was significantly 
associated with overall patient survival (p = 0.01). Presence of the mutant allele, especially for the homozygous patients for this allele (AA), was 
associated with decreased overall and progression-free survival (PFS) compared to homozygous wild-type patients (CC) (p = 0.007 & 0.04, 
respectively). No significant relationship between polymorphism genotype and C) overall patient survival for CI 18T (p = 0.78) or D) PFS was observed 
(P = 0.93). 

doi:10.1371/journal.pone.0106600.g006 



analysis of association between ERCCl expression and patient 
outcomes. Also, we saw no treatment-specific effects on overall 
patient survival, suggesting our patient cohort may not be sensitive 
to effects of adjuvant platinum-based chemotherapy following 
curative tumor dissection. As neither tumor ERCCl expression 
nor adjuvant treatment was significantly related with patient 
outcome, it seems unlikely these two variables interacted. Of the 
analyses we did perform, we found no association between tumor 
location, status, or nodal spread on H-score defined tumor 
expression of ERCC 1 protein supporting this conclusion. 

Contrary to what we observed for ERCC 1 H-score classification 
and adjuvant therapy, some polymorphic ERCC 1 influence on 
overall patient survival was identified. Two commonly studied 
ERCCl SNPs occur at loci C8092A and CI 18T, and both have 
been suggested to predict treatment response or patient outcome 
in esophageal cancer [22,23,27]. Of the two, the C8092A SNP 
showed a significant association with overall and progression-free 
patient survival. It is documented that polymorphisms that cUsrupt 
DNA base repair increase risk of ESCC [28,29]. In our study, the 
C ^ A mutation at ERCCl residue 8092 appears to diminish 



overall survival and PFS, which is reasonable if this mutation is 
associated with increased risk of ESCC development. However, as 
all patients in our study had some degree of ESCC, this SNP may 
provide a negative prognostic marker for certain patient popula- 
tions already diagnosed with ESCC. 

Our location in Fujian province in China could have provided a 
unique insight into population specific determinants of ESCC 
progression, treatment effects, and patient survival. Upon review 
of the literature, many recent studies investigating polymorphic 
variations in ERCC 1 and the predictive potential for patient and 
platinum-based treatment effects take place in Europe or the 
United States where ESCC is far less common than esophageal 
adenocarcinoma. A unique aspect of our study is that the patient 
population did not receive neoadjuvant therapy before surgery, as 
is commonly included in other similar analyses. The patients in the 
present study received treatment following surgery, which could 
considerably influence outcome parameters and may not be 
reflected in the pre-treatment analysis of surgically-resected tumor 
samples. 
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As previously described, squamous cell esophageal cancer is 
conversely more common in China. One recent study explored 
ERCC1-C8092A polymorphic predictive value of ESCC suscep- 
tibility in North Xinjiang, China [30]. This particular study 
observed no increased risk for development of ESCC with this 
SNP, and thus, complications stemming from the disease. In the 
present study however, an association between this loci and 
increased risk of ESCC-related mortality was observed. Here, 
when all three allelic combinations were statistically compared, 
those with the AA genotype showed a trend in reduced overall 
survival, and when two homozygous allelic combinations (AA vs. 
CC) were compared there was a clear significant influence on 
survival, with patients homozygous for the mutant allele (AA) 
exhibiting reduced overall survival than those homozygous for the 
dominant allele, CC (P = 0.07, Hazard Ratio =4.496, 9,5%CI 
= 1.507 to 13.42). Interestingly, one recent study showed that 
ERGC1-C8092A SNP also was linked to increased risk of 
colorectal cancer in a Chinese population [31]. Similar to our 
findings, the recessive mutant allele (A) in their study was direcdy 
related to overall patient survival in both the homozygous mutant 
(AA) and li(:tcr()Z)'gous (CA) genot}'pes. When we analyzed 
association between ERCCl expression status and those with 
the AA/CA vs. CC genotypes, still no significant connection was 
found (P = 0.25). As such, the C — > A mutation decreases overall 
survival in our study patient population, but actual ERCCl 
expression level within analyzed tumor tissue was not associated 
with any genotypic variation at this loci. Despite this connection 
between ERCC 1-C8092A SNP and patient survival, assessment of 
the fuU implications of these findings in the context of our study is 
complicated. There may be regional differences, even within 
China that contribute to one population's risk of developing or 
dying from cancer, and such differences or other influences not 
addressed in the present study may affect risk of different forms of 
gastric cancer. A more detailed study examining the potential 
interacting effects of other SNPs or adjustments for confounding 
lifestyle factors such as smoking or comorbidities may yield more 
definitive interpretation and discussion. 

One notable outcome of the present study showed was that no 
significant connection was observed between ERCCl expression 
and clinicopatholgic progression of ESCC in the study population. 
Our analyses also showed no significant association between 
ERCCl tumor expression and prognosis of patient outcome. 
These results are supported by findings in a recent study by Farced 
et al. that showed no association between histological tumor 
nuclear ERCCl expression and patient survival, tumor stage, 
nodal invasion, or vascular involvement in gastroesophageal 
adenocarcinoma [26]. Using a similar approach, one recent 
retrospective study analyzed resected tumor tissue immunohisto- 
chemistry for ERCCl to determine associations between tumor 
expression of the protein and tumor characteristics or survival in 
patients with non-small cell lung cancer [32]. This study supported 
our findings that ERCCl -tumor expression had no bearing for 
predicting patient sur\dval or tumor recurrence regardless of 
adjuvant chemotherapy, da Costa Miranda et al. also found no 
predictive benefit for tumor ERCCl immunohistochemistry on 
patient survival or tumor response [33]. 

On the other hand, Joshi et al. found a link between elevated 
gene expression of ERCCl and decreased survival in patients with 
esophageal cancer, despite increased survival in response to 
multimodal treatment involving cisplatin and 5-fluorouracil (5- 
FU) [34]. It must be noted that the association between ERCCl 
and survival was an observed trend, and not statistically 



significant. This groups' study enrolled nearly double the patients 
than the present study, which complicates the comparison of our 
results and those by Joshi and colleagues. Also, their report states 
the patient cohort was a mixture of squamous cell and 
adenocarcinoma, further clouding any potential comparison. In 
line with these findings, Yang and Xian performed a meta-analysis 
on clinical studies of various ERCCl SNPs including CllBT in 
non-small cell lung cancer and found overall reduced survival in 
ERCC 1"^ patients, as well as reduced sensitivity to platinum-based 
chemotherapy [35]. 

Two novel aspects of our study are that we 1) c-xaminc-d tumor 
and patient survival characteristics based on histological presence 
or absence of ERCC 1 in the nuclei of tumor cells, and 2) our 
patient cohort consisted of individuals from Quanzhou, Fujian 
Province, in southeastern China, an understudied region concern- 
ing genetic variation association with ESCC and treatment 
response outcomes (Figure SI). To our knowledge this is the first 
cfinical analysis of ERCC 1 expression and polymorphic variation 
in esophageal cancer patients in Fujian Province. Only two other 
studies from this province have involved examination of ERCCl 
polymorphisms and cancer, however these were focused on 
colorectal [36] and liver cancer [37]. Our sample size and the 
study itself was not large enough to make firm and specific claims 
based on the extent of data analysis performed here; rather, 
potential explanations for observed outcomes opens doors for 
future investigation. Our findings corroborate other reports 
showing minimal predictive ability for specific ERCC 1 expression 
in predicting patient treatment response and survival. Few studies 
have targeted tumor cell-specific expression of ERCCl as a 
potential correlate for the progression of squamous cell carcinoma 
of the esophagus, and our findings yield interesting potential 
associations between ERCC 1 SNP C8092A and survival of 
patients with this disease. This might prove valuable for assessment 
of other allelic variations or SNPs of ERCCl in regards to 
treatment response and survival outcomes in this form of the 
disease. 

Also, the patient population in the present study is unique and 
has not been previously characterized concerning patient outcome 
from ESCC, surgical resection, or adjuvant therapy. This is the 
first study to investigate this regional population of Chinese with 
ESCC, and linked ERCCl polymorphism to esophageal carcino- 
ma in these patients that impacted overall survival. Otherwise, we 
found no statistical relationship between ERCCl nuclear prottun 
expression or platinum/radiotherapy adjuvant treatment and 
patient survival following surgical tumor resection in ESCC. A 
larger patient population and further consideration of population- 
specific genotypic factors will allow vahdation of the present study 
and improve the statistical power of future research concerning 
ERCCl expression and polymorphic variation on patient and 
treatment outcome in ESCC. 

Supporting Information 

Figure SI Geographic information on study location 
and patient population. A & B) The present study took place 
and enrolled patients from Fujian Province in southern China. C) 
Specifically, the study focused on residents of the city of 
Quanzhou, located in the southeastern region of Fujian Province. 
(TIF) 

Table SI PGR and restriction enzyme digestion system 
and reaction conditions for ERGGI gene amplification. 

(DOCX) 



PLOS ONE I www.plosone.org 



8 



September 2014 | Volume 9 | Issue 9 | el 06600 



ERCC1 Polymorphism and Esophageal Cancer in Fujian China 



Acknowledgments 

We would like to thank Clariiy Manuscript Consultants LLC for assistance 
with language editing and suggestions. 



References 

1. Mctzgcr R, Warncckc-Ebrrz U, .'\lakus H, Kutting l'\ BrabcndrrJ, ct al. (2012) 
Neoadjuvant radiochcmothcrapy in adenocarcinoma of the esophagus: ERCCl 
gene polymorphisms for prediction of response and prognosis. J Gastrointest 
Surg 16: 26-34; discussion 34. 

2. Gebski V, Burmeister B, Smithers BM, Foo K, Zalcberg J, et al. (2007) Survival 
benefits from neoadjuvant chemoradiotherapy or chemotherapy in oesophageal 
carcinoma: a meta-analysis. Lancet Oncol 8: 226-234. 

3. Wu X, Gu J, \Vu I T, Swisher SG, Liao Z, et al. (2006) Genetic variations in 
radiation and chemotherapy drug action pathways predict clinical outcomes in 
esophageal cancer. J Clin Oncol 24: 3789-3798. 

4. Zhang ZY, Tian X, Wu R, Liang Y, Jin XY (2012) Predictive role of ERCCl 
and XPD genetic polymorphisms in survival of Chinese non-small cell lung 
cancer patients receiving chemotherapy. Asian PacJ Cancer Prev 13: 2583— 
2586. 

5. Wei SZ, Zhan P, Shi MQ, Shi Y, Qian Q, et al. (2011) Predictive value of 
ERCCl and XPD polymorphism in patients with advanced non-small cell lung 
cancer receiving platinum-based chemotherapy: a systematic review and meta- 
analysis. Med Oncol 28: 315-321. 

6. Olaussen KA, Mountzios G, Soria JC (2007) ERCCl as a risk stratifier in 
platinum-based chemotherapy for nonsmall-cell lung cancer. Curr Opin Pulm 
Med 13: 284-289. 

7. Zhang L, Wang J, Xu L, Zhou J, Guan X, et al. (2012) Nucleotide excision 
repair gene ERCCl polymorphisms contribute to cancer susceptibility: a meta- 
analysis. Mutagenesis 27: 67-76. 

8. Naunheim KS, Petruska P, Roy TS, Andrus CH, Johnson EE, et al. (1992) 
Preoperative chemotherapy and radiotherapy for esophageal carcinoma. 
J Thorae Gardiovase Surg 103: 887-893; discussion 893- 885.' 

9. Natsugoe S, Okumura H, Matsumoto M, Uchikado Y, Setoyama T, et al. (2006) 
Randomized controlled study on preoperative chemoradiotherapy followed by 
surgery versus surgery alone for esophageal squamous cell cancer in a single 
institution. Dis Esophagus 19: 468-^72. 

10. Edge SB, Compton CC (2010) The American Joint Committee on Cancer: the 
7th edition of the AJCC cancer staging manual and the future of TNM. Ann 
Surg Oncol 17: 1471-1474. 

11. Al-Haddad S, Zhang Z, Lcygue E, Snell L, Huang A, et al. (1999) Psoriasin 
(S100A7) expression and invasive breast cancer. Am J Pathol 155: 2057—2066. 

12. Rodriguez S, Gaunt TR, Day IN (2009) Hardy-Weinberg equilibrium testing of 
biological ascertainment for MendeHan randomization studies. Am J Epidemiol 
169: 505-514. 

13. Furuta T, Ueda T, Aune G, Sarasin A, Kraemer KH, et al. (2002) 
Transcription-coupled nucleotide excision repair as a determinant of cisplatin 

sensitivity of human cells. Cancer Res 62: 4899-4902. 

14. Wang X, Zhao J, Yang L, Mao L. An 'E, et al. (2010) Positive expression of 
ERCGl predicts a poorer platinum-based treatment outcome in Chinese 
patients with advanced non-small-cell lung cancer. Med Oncol 27: 484-490. 

15. Gao Z, Han B, ShenJ, Gu A, Qi D, et al.\2011) ERCCl protein as a guide for 
individualized therapy of late-stage advanced non-small cell lung cancer. Exp 
TherMed 2:811-815. 

16. Zhou S, Zhou C, Xu Q, Yan L (2008) [Relationship between ERCCl 
expression and efficacy of neoadjuvant chemotherapy in the patients with non- 
small-cell lung cancer.]. Zhongguo Fei Ai Za Zhi 1 1: 251-255. 

17. Gao R, Recce KM, Sissung T, Fu SH, Venzon DJ, et al. (20 1 3) Are race-specific 
ERGGl haplotypes in melanoma eases versus controls related to the predictive 
and prognostic value of ERGGl N118N? BMJ Open 3. 

18. Li S, Wu J, Chen Y, Tang W, Peng et al. (2014) ERCCl expression levels 
predict the outcome of platinum-based chemotherapies in advanced bladder 
cancer: a meta-analysis. Anticancer Drugs 25: 106-114. 

19. Ozcan MF, Dizdar O, Dincer N, Balci S, Guler G, et al. (2013) Low ERCCl 
expression is associated with prolonged survival in patients with bladder cancer 
receiving platinum-based neoadjuwint chemotherapy. Urol Oncol 31: 1709— 
1715. 

20. Brabendcr J, Vallbohmer D, Grimniinger P, Holiinaim AC, Ling E, et al. (2008) 
ERCCl RNA expression in peripheral blood predicts minor histopathological 



Author Contributions 

C^onccivcd and designed the experiments: WJC PLX. Performed the 
experiments: WJC YYC WHC ZSZ. Analyzed the data: WJC PLX YFC 
CYZ. Contributed reagents/materials/analysis tools: QXP GRW. Wrote 
the paper: WJC PLX. 



response to neoadjuwint radio-chemotherapy in patients with locally advanced 
cancer of the esophagus. J (rastrointest Surg 12: 1815-1821. 

21. HuangJ, Zhou Y, Zhang H, Qu T, Mao Y, et al. (2013) A phase 11 study of 
biweekly paclitaxel and cisplatin chemotherapy for recurrent or metastatic 
esophageal squamous cell carcinoma: ERCCl expression predicts response to 
chemotherapy. Med Oncol 30: 343. 

22. Wang Y, Chen J. Li X, He Y, Hu B, et al. (2011) (ienelic poKmorphisms of 
ERCCl and their eifeets on the efficacy of cisplatin-based chemotherapy in 
advanced esophageal carcinoma. Oncol Rep 2.5: 1047-1052. 

23. Warneeke-Eberz U, Vallbohmer D, Alakus H, Kutting F, Lurje G, et al. (2009) 
ERCCl and XRCCl gene polymorphisms predict response to neoadjuvant 
radiochemotherapy in esophageal cancer. J Gastrointest Surg 13: 1411-1421. 

24. Wamecke-Eberz U, Metzger R, Miyazono F, Baldus SE, Neiss S, et al. (2004) 
High specificity of quantitative excision repair cross-complementing 1 messenger 
RNA expression for prediction of minor histopathological response to 
neoadjuvant radiochemotherapy in esophageal cancer. CHn Cancer Res 10; 
3794-3799. 

25. Tanaka K, Mohri Y, Ohi M, Yokoe L\ Koike Y, ct al. (2009) Excision-repair 
cross-complementing 1 predicts response to cisplatin-based neoadjuvant 
chemoradiotherapy in patients with esophageal squamous cell carcinoma. Mol 
Med Rep 2: 903-909. 

26. Fareed KR, Al-Attar A, Soomro IN, Kaye PV, Patel J, et al. (2010) Tumour 
regression and ERCCl nuclear protein expression predict clinical outcome in 
patients with gastro-oesophageal cancer treated with neoadjuvant chemother- 
apy. Br J Cancer 102: 1600-1607. 

27. Rumiato E, Cavallin E, Boldrin E, Cagol M, Alfieri R, et al. (2013) ERCCl 
C8092A (rs32 12986) polymorphism as a predictive marker in esophageal cancer 
patients treated with cisplatin/ 5 -EU -based neoadjuvant therapy. Pharmacogenet 
Genomics 23: 597-604. 

28. Lee JM, Lee YC, Yang SY, Yang PW, Luh SP, et al. (2001) Genetic 
polymorphisms of XRCCl and risk of the esophageal cancer. Int J Cancer 95: 
240-246. 

29. Benhamou S, TuimalaJ, Bouchardy C, Dayer P, Sarasin A, et al. (2004) DNA 
repair gene XRCC2 and XRCC3 polymorphisms and susceptibility to cancers 
of the upper aerodigestive tract. Int J Cancer 112: 901-904. 

30. Ma \\J, Lv GD, Zheng S'E, Huang CG, Liu Q, et al. (2010) DNA 
polymorphism and risk of esophageal sc^uamous cell carcinoma in a population 
of North Xinjiang, China. World J Gastroenterol 16: 641-647. 

31. Ni M, Zhang WZ, Qiu JR, Liu F, Li M, et al. (20 1 4) Association of ERCC 1 and 
ERCC2 polymorphisms with colorectal cancer risk in a Chinese population. Sci 
Rep 4: 4112. 

32. Tantraworasin A, Saeteng S, Lertprasertsuke N, Arayawudhikul N, Kasemsarn 
C, et al. (2013) The prognostic value of ERCCl and RRMl gene expression in 
completely resected non-small cell lung cancer: tumor recurrence and overall 
survival. Cancer Manag Res 5: 327-336. 

33. da Costa Miranda V, Braghiroli Ml, Faria LD, Siqueira SA, Sabbaga J, et al. 
(2013) ERCCl in Advanced BiUary Tract Cancer Patients Treated with 
Chemotherapy: Prognostic and Predictive Roles. J Gastrointest Cancer. 

34. Joshi MB, Shirota Y, Danenberg KD, Conlon DH, Salonga DS, et al. (2005) 
High gene expression of TSl, GSTPl, and ERCCl are risk factors for survival 
in patients treated with trimodality therapy for esophageal cancer. Clin Cancer 
Res 11: 2215-2221. 

35. Yang Y, Xian L (2013) The association between the ERCGl/2 polymorphisms 
and the clinical outcomes of the platinum-based chemotherapy in non-small cell 
lung cancer (NSGLC): a systematic review and meta-analysis. Tumor Biology: 
1-17. 

36. Cui TJ, Chen YQ, Dai YM (2012) [^^tudy of the correlation between die 
colorectal cancer Chinese medicine syndrome types and (excision repair cross- 
complementing 1, ERCCl) gene polymorphisms]. Zhongguo Zhong Xi Yi Jie 
He Za Zhi 32: 628-632. 

37. llii ZJ, Xue JE, Zhang XY, Shi XS, Zhou H (2010) [Relationship between 
genetic polymorphism of ERCCl and susceptibility to liver cancer.]. Zhonghua 
Liu Xing Bing Xue Za Zhi 31: 1288-1291. 



PLOS ONE I www.plosone.org 



9 



September 2014 | Volume 9 | Issue 9 | e106600 



